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© Radio communication device. 



© A radio communication device which is capable 
of effecting communications in different communica- 
tion systems and is highly advantageous ec- 
onomically has a main communication unit capable 
of effecting communications in a first digital cellular 
communication system (GSM), and an additional unit 
to be attached to said main communication unit for 
effecting communications in a second digital cellular 
communication system (PCN) which differs from 
said first digital cellular communication system. The 



main communication unit includes variable-band- 
width filters compatible with both GSM and PCN, 
The additional unit comprises a power amplifier, and 
the main communication unit has a power amplifier. 
Switching can be made between these power am- 
plifiers to make the radio transmission device com- 
patible with both GSM and PCN. The radio commu- 
nication device has many components shared by 
GSM and PCN and hence is highly economical. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a portable ra- 
dio communication device for digital cellular com- 
munication, and more particularly to a radio com- 
munication device capable of communication with 
other digital cellular communication systems. 

2. Description of the Related Art: 

As various communication systems are avail- 
able in recent years, there have been proposed 
communication devices that are compatible with 
different communication systems. For example, a 
communication device disclosed in Japanese laid- 
open patent publication No. 6-21880 has a main 
communication unit which operates with a cellular 
communication system or a digital cellular commu- 
nication system, and which can be made compati- 
ble with another cellular communication system or 
another digital cellular communication system by 
the addition of an auxiliary communication unit. 

Japanese laid-open patent publication No. 5- 
252107 reveals a communication device that op- 
erates as an analog mobile telephone set by itself 
and, when combined with an extended-service ra- 
dio unit, can operate as a digital mobile telephone 
set capable of transmitting and receiving digital 
radio signals. 

The disclosed communication devices are 
composed of either a main communication unit with 
an added auxiliary communication unit or an analog 
mobile telephone set with an added extended-ser- 
vice radio unit. These prior communication devices 
are made compatible with different communication 
systems by connecting independently operable 
units to each other, and their compatible circuit 
arrangement includes independent systems that 
are positioned between a certain point in a signal 
system which is continuously connected and an 
antenna. Even though the compatible circuit ar- 
rangement includes shared components, those in- 
dependent systems are composed of independent 
components that are common, but not shared by 
the systems. As a result, the compatible circuit 
arrangement has not been economical as it has two 
sets of common components respectively in the 
independent systems. 

If the common components were to be shared 
by the independent systems, then the number and 
length of signal paths through the common compo- 
nents between the independent systems would be 
so large that the communication devices would 
have their characteristics degraded particularly 
when handling high-frequency signals. Recent 
communication devices which have a hybrid ar- 



rangement of components would be made too 
complicated by a shared use of such common 
components between independent systems thereof. 
Therefore, communication devices that are 

5 compatible with different communication systems 
are preferably provided with systems dedicated to 
those different communication systems for eco- 
nomic and characteristic reasons. However, some 
digital communication systems, e.g., some digital 

w cellular communication systems, differ from each 
other only with respect to their frequencies, output 
powers, and control protocols. Adding dedicated 
systems to make communication devices compati- 
ble with those digital communication systems is not 

75 economically preferable. Therefore, it has been de- 
sirable to make efforts to share certain common 
components between systems which provide com- 
patibility with those digital communication systems. 

20 SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide a radio communication device which is com- 
patible with different communication systems and 

25 is economically advantageous. 

Another object of the present invention is to 
provide a radio communication device which is 
compatible with different cellular systems and is 
economically advantageous. 

30 According to the present invention, there is 

provided a radio communication device comprising 
a main communication unit capable of effecting 
communications in a first digital cellular commu- 
nication system, and an additionaJ unit to be at- 

35 tached to the main communication unit for effecting 
communications in a second digital cellular com- 
munication system which differs from the first digi- 
tal cellular communication system, the main com- 
munication unit including a first component having 

40 a function which is the same as a function of the 
additional unit, and other components compatible 
with both the first digital cellular communication 
system and the second digital cellular communica- 
tion system, the arrangement being such that 

45 switching is made from the first component to the 
additional unit when the additional unit is attached 
to the main communication unit. 

The main communication unit may comprise a 
transmission system including a power amplifier as 

so the first component compatible with the first digital 
cellular communication system, a variable-band- 
width filter having a bandwidth variable depending 
on the first digital cellular communication system 
and the second digital cellular communication sys- 

55 tern, and a central processing unit having a pro- 
tocol which can be changed depending on the first 
digital cellular communication system and the sec- 
ond digital cellular communication system. The ad- 



2 



EP 0 682 458 A2 



ditional unit may comprise a power amplifier com- 
patible with the first digital cellular communication 
system, the arrangement being such that switching 
can be made between the power amplifier in the 
transmission system and the power amplifier of the 
additional unit. 

The main communication unit may comprise a 
detector for detecting when the additional unit is 
attached to the main communication unit, the ar- 
rangement being such that when a detection is 
outputted from the detector, the central processing 
unit varies the bandwidth of the variable-bandwidth 
filter and changes the protocol of the central pro- 
cessing unit, and effects switching between the 
power amplifier in the transmission system and the 
power amplifier of the additional unit. 

Communications in the first digital cellular com- 
munication system can be carried out by the main 
communication unit only, and communications in 
the second digital cellular communication system 
can be carried out when some of the components 
of the main communication unit and the protocol 
thereof are changed to match the second digital 
cellular communication system and one of the 
components is switched to the additional unit. 
Therefore, the radio communication device is ca- 
pable of communications in the first and second 
communication systems which are different from 
each other, and the radio communication device 
has many shared components and hence offers 
economic advantages. 

The above and other objects, features, and 
advantages of the present invention will become 
apparent from the following description when taken 
in conjunction with the accompanying drawings 
which illustrate a preferred embodiment of the 
present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a radio communica- 
tion device according to the present invention; 
Fig. 2 is a circuit diagram of a variable-band 
filter in the radio communication device shown 
in Fig. 1 ; and 

Fig. 3 is a circuit diagram of a variable inductor 
that can be used in the variable-band filter. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

As shown in Fig. 1, a radio communication 
device according to the present invention generally 
includes a main communication unit 1 and an addi- 
tional unit 2 added to the main communication unit 
1. The main communication unit 1, to which an 
antenna 101 is connected, includes a man-machine 
interface (MMI) 102 having a keyboard and a dis- 



play, an electroacoustic unit 103 composed of a 
transmitter and receiver for converting a speech 
signal into an electric signal and vice versa, a 
storage unit 104 composed of a ROM (read-only 

5 memory) and a RAM (random-access memory) for 
storing certain data, a CPU (central processing 
unit) 105 for controlling the radio communication 
device according to communication protocols, and 
a control block 106 for controlling receiving and 

70 transmitting systems (described below) under the 
control of the CPU 105. 

The receiving system includes a filter 107 con- 
nected to the antenna 101 for limiting the fre- 
quencies of a signal received from the antenna 101 

75 to a certain bandwidth, an amplifier 108 for am- 
plifying the received signal, a filter 109 for remov- 
ing interference noise from the amplified signal, 
and a mixer 110 for frequency-converting the re- 
ceived signal into a received IF (intermediate-fre- 

20 quency) signal. The transmitting system includes a 
mixer 111 for frequency-converting a transmission 
IF signal into a high-frequency signal, a filter 112 
for limiting the frequencies of the high-frequency 
signal to. a first bandwidth, a power amplifier 113 

25 for amplifying the high-frequency signaL up to a 
certain high-frequency power level, and a^filter 114 
connected to the antenna 101 for limiting the fre- 
quencies of the amplified high-frequency signal to 
a final bandwidth. The power amplifier 113 has a 

30 power output level of 2 W. 

The main communication unit 1 also includes a 
common system that is shared by the receiving 
system and the transmitting system. The common 
system has a transmission/reception IF unit 115 for 

35 processing the received IF signal and the transmis- 
sion IF signal, and a synthesizer 116 for supplying 
a local signal to the mixers 110, 111. The syn- 
thesizer 116 has its oscillation frequency variable 
by a control signal from the control block 106. 

40 Each of the filters 107, 109, 112, 114 com- 

prises a variable-band filter whose bandwidth can 
be controlled by a control signal from the control 
block 106. The power amplifier 113 has input and 
output terminals connected to terminals of a selec- 

45 tor switch 117 which is connected between the 
filters 112, 114 and operable by a control signal 
from the control block 106. The additional unit 2 
has a power amplifier 201 having input and output 
terminals connected to other terminals of the selec- 

50 tor switch 1 1 7 in bypassing relation to the power 
amplifier 113. 

The main communication unit 1 also has a 
detector 118 for detecting when the additional unit 
2 is added to the main communication unit 1. The 

55 detector 118 applies a detected signal to the CPU 
105. The detector 118 may comprise a limit switch, 
a photointerrupter, or the like, and detects when 
the additional unit 2 is attached to a casing of the 
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main communication unit 1. 

One example of the variable-band filter of each 
of the filters 107, 109, 112, 114 is shown in Fig. 2. 
The variable-band filter includes a pair of resona- 
tors 301, 302 connected respectively to a pair of 
capacitors 303, 304 which are connected to each 
other by a coil 305. The coil 305 has its terminals 
connected respectively to an input terminal 306 
and an output terminal 307, the input terminal 306 
being also connected to a varactor diode 308. 
When a bias is applied from the input terminal 306, 
the capacitance of the varactor diode 308 is varied 
to vary bandwidth characteristics between the input 
and output terminals 306, 307. 

Fig. 3 shows a variable inductor by way of 
example. The variable inductor includes a coil 401 
having an intermediate tap to which a varactor 
diode 402 and a control input terminal 403 are 
connected. The inductance of the coil 401 can be 
varied by a bias which is applied from the control 
input terminal 403. The variable inductor shown in 
Fig. 3 may be incorporated in the variable-band 
filter shown in Fig. 2. 

The power amplifier 201 of the additional unit 2 
has a power output level different from that of the 
power amplifier 113 of the main communication 
unit 1. For example, the power amplifier 201 has a 
power output level of 1 W. 

The additional unit 2 may be attached to the 
casing of the main communication unit 1 by a 
connector or the like. When the additional unit 2 is 
attached to the casing of the main communication 
unit 1, the power amplifier 201 is connected to the 
other terminals of the selector switch 117, and the 
detector 118 sends a detected signal to the CPU 
105. 

Operation of the radio transmission device will 
be described below. A speech signal applied to the 
transmitter of the electroacoustic unit 103 is con- 
verted thereby into an electric signal, which is 
converted into a digital signal inherent with the 
radio transmission device by the CPU 105 and the 
control block 106. The digital signal is modulated 
and bandwidth-limited by the transmis- 
sion/reception IF unit 115 and then delivered to the 
mixer 111. The mixer 111 mixes the signal from 
the transmission/reception IF unit 115 with a local 
signal that is supplied from the synthesizer 116 
under the control of the control block 106, thereby 
producing a signal of a circuit frequency. The local 
signal is controlled into a frequency matching a 
communication channel that is required. The fre- 
quency-converted signal from the mixer 111 is then 
sent through the filter 112 to the power amplifier 

113 which amplifies the supplied signal. The am- 
plified signal is then transmitted through the filter 

1 1 4 from the antenna 1 01 . 



A signal received by the antenna 101 is pro- 
cessed for interference noise removal filters 107, 
109 and amplified by the amplifier 108. The signal 
is then mixed with the local signal from the syn- 

5 thesizer 116 by the mixer 110, which applies an IF 
signal to the transmission/reception IF unit 115. 
The IF signal is bandwidth-limited and demodu- 
lated by the transmission/reception IF unit 115, and 
then decoded into a signal inherent with the radio 

70 transmission device by the control block 106 and 
the CPU 105. The decoded signal is supplied to 
the storage unit 104 and also to the receiver of the 
electroacoustic unit 103, by which it is converted 
into a speech signal. 

75 It is assumed that the main communication unit 

1 is singly compatible with a digital cellular com- 
munication system known as GSM, and can be 
made compatible with another digital cellular com- 
munication system known as PCN. 

20 The digital cellular communication systems 

GSM, PCN differ from each other in that GSM uses 
a radio frequency band of 900 MHz and PCN uses 
a radio frequency band of 1.8 GHz, and GSM has a 
class-4 power output level of 2 W and PCN has a 

25 class-1 power output level of 1 W. Though GSM 
and PCN have other small protocol differences, 
they share other specifications. 

If only the main communication unit 1 is used 
for communications in GSM, then, since the addi- 

30 tional unit 2 is not added, no detected signal is 
supplied from the detector 118 to the CPU 105, 
and the control block 106 applies a control signal 
to the selector switch 117 to connect the power 
amplifier 113 to the transmission system, i.e., be- 

35 tween the filters 112, 114. 

Therefore, a signal to be transmitted from the 
transmission system is amplified by the power am- 
plifier 113 for transmission at a power output level 
of 2 W. At this time, the control block 106 applies a 

40 frequency control signal for GSM to the filters 107, 
109, 112, 114. Therefore, a corresponding bias is 
applied to the input terminal 306 shown in Fig. 2 to 
vary the capacitance of the varactor diode 308, 
thereby giving a corresponding bandwidth to these 

45 filters 107, 109, 112, 114. In this case, the band- 
width of 900 MHz is established for GSM. 

At the same time, the CPU 105 establishes the 
GSM protocol for processing signals according to 
the GSM protocol. 

so Consequently, when only the main communica- 

tion unit 1 is used, it operates for digital cellular 
communications of GSM. 

When the additional unit 2 is attached to the 
main communication unit 1, the detector 118 out- 

55 puts a detected signal to the CPU 105. The control 
block 106 outputs a control signal corresponding to 
PCN to control the selector switch 117 to dis- 
connect the power amplifier 113 from the transmis- 
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sion system and connect the power amplifier 201 
to the transmission system, i.e., between the filters 
112, 114. The control block 106 also outputs a 
control signal to vary the oscillation frequency of 
the synthesizer 116 to vary the local signal fre- 
quency in the mixers 110, 111. Accordingly, a 
signal is transmitted from the transmission system 
at a power output level of 1 W which corresponds 
to PCN. Since a different bias is simultaneously 
supplied from the control block 106 to the filters 
107, 109, 112, 114, the capacitance of the varactor 
diode of each of these filters 107, 109, 112, 114 is 
varied to set the filters 107, 109, 112, 114 to a 
bandwidth of 1.8 GHz corresponding to PCN. 

At the same time, the CPU 105 establishes the 
PCN protocol for processing signals according to 
the PCN protocol. 

Consequently, the main communication unit 1 
with the additional unit 2 added thereto operates for 
digital cellular communications of PCN. 

Accordingly, the radio communication device is 
capable of effecting communications selectively in 
the digital cellular communication systems GSM, 
PCN when the bandwidth of the filters 107, 109, 
112, 114 in the main communication unit 1 is 
varied, the oscillation frequency of the synthesizer 
116 is varied, one of the power amplifiers 113, 201 
is selected, and the protocol in the CPU 105 is 
changed. Switching from GSM to PCN can auto- 
matically be carried out because attachment of the 
additional unit 2 to the main communication unit 1 
causes the detector 118 to apply a detected signal 
to the CPU 105 to enable the CPU 105 to change 
the filter bandwidth and the protocol and also to 
shift the selector switch 117. 

For switching between GSM and PCN, only the 
power amplifiers 113, 201 are required to be 
chaaged while the main communication unit 1 re- 
mains as it is for communications. Therefore, since 
no different communication units or systems are 
required to be installed for communications in GSM 
and PCN, the radio communication device is highly 
advantageous economically. Since each of the 
power amplifiers 113, 201 are usually constructed 
as one device, the radio communication device is 
not unduly increased in size or complicated in 
circuit arrangement even when the power amplifier 
201 is added as the additional unit '2 to the main 
communication unit 1. Therefore, the number and 
length of signal paths are not unduly increased, 
resulting in no substantial characteristic degrada- 
tions. 

While the power amplifier 201 requires various 
power supplies and control signals, they can be 
supplied from the main communication unit 1. 
Those power supplies and control signals which 
are required by the power amplifier 201 will not be 
described in detail as they have no bearing on the 



principles of the present invention. 

If the power amplifier 113 is of the variable 
amplification type, then it can be used for commu- 
nications in both GSM and PCN. * 
5 According to the present invention, as de- 

scribed above, communications in a-, first digital 
cellular communication system can be carried out 
by the main communication unit 1 only, and com- 
munications in a second digital cellular commu- 

io nication system can be carried out when some of 
the components of the main communication unit 1 
and the protocol thereof are changed to match the 
second digital cellular communication system and 
one of the components is switched to the additional 

75 unit 2. Therefore, the radio communication device 
is capable of communications in the first and sec- 
ond communication systems which are different 
from each other, and the radio communication de- 
vice has many shared components and hence of- 

20 fers economic advantages. 

Each of the filters 107, 109, 112, 114 com- 
prises a variable-bandwidth filter whose bandwidth 
can be varied to meet the first and second digital 
cellular communication systems. The £PU 105 can 

25 change its protocol according to the first or second 
digital cellular communication systerTu.in which the 
radio communication device is to operate. The 
power amplifier 113 in the transmission system is 
compatible with the first digital cellular communica- 

30 tion system, and the power amplifier 201 of the 
additional unit 2 is compatible with the second 
digital cellular communication system. For switch- 
ing between the first and second digital cellular 
communication systems, therefore, only switching 

35 between the power amplifier 113 in the transmis- 
sion system and the power amplifier 201 of the 
additional unit 2 is required to be made. Inasmuch 
as only the power amplifier 201 of the additional 
unit 2 needs to be attached to or detached from 

40 the main communication unit 1 for switching be- 
tween the first and second digital cellular commu- 
nication systems, the radio communication device 
is highly advantageous economically. 

The main communication unit 1 has the detec- 

45 tor 118 for detecting when the additional unit 2 is 
attached to the main communication unit 1 . When a 
detected signal is outputted from the detector 118, 
the CPU 105 varies the bandwidth of each of the 
filters 107, 109, 112, 114 and changes its protocol, 

50 and effects switching between the power amplifier 
113 in the transmission system and the power 
amplifier 201 of the additional unit 2. Therefore, 
automatic switching can be achieved from the first 
digital cellular communication system to the sec- 

55 ond digital cellular communication system simply 
by attaching the additional unit 2 to the main com- 
munication unit 1 . 




Although a certain preferred embodiment of the 
present invention has been shown and described in 
detail, it should be understood that various changes 
and modifications may be made therein without 
departing from the scope of the appended claims. 

Claims 

1. A radio communication device comprising: 

a main communication unit capable of ef- 
fecting communications in a first digital cellular 
communication system; and 

an additional unit to be attached to said 
main communication unit for effecting commu- 
nications in a second digital cellular commu- 
nication system which differs from said first 
digital cellular communication system; 

said main communication unit including a 
first component having a function which is the 
same as a function of said additional unit, and 
other components compatible with both said- 
first digital cellular communication system and 
said second digital cellular communication sys- 
tem; 

the arrangement being such that switching 
is made from said first component to said 
additional unit when said additional unit is at- 
tached to said main communication unit. 



the arrangement being such that when a 
detected is outputted from said detector, said 
central processing unit varies the bandwidth of 
said variable-bandwidth filter and changes the 
5 protocol of the central processing unit, and 

effects switching between said power amplifier 
in said transmission system and said power 
amplifier of said additional unit. 

70 4. A radio communication device according to 
claim 2, wherein said bandwidth of said filter is 
variable depending on GSM and PCN, said 
protocol of said central processing unit can be 
changed depending on GSM and PCN, said 

75 power amplifier in said transmission system is 

compatible with GSM, and said power amplifier 
of said additional unit is compatible with PCN. 

5. A radio communication device according to 
20 claim 3, wherein said bandwidth of said filter is 

variable depending on GSM and PCN, said 
protocol of said central processing unit can be 
changed depending on GSM and PCN, said 
power amplifier in said transmission system is 
25 compatible with GSM, and said power amplifier 

of said additional unit is compatible with PCN. 



2. A radio communication device according to 30 
claim 1, wherein said main communication unit 
comprises: 

a transmission system including a power 
amplifier as said first component compatible 
with said first digital cellular communication 35 
system; 

a variable-bandwidth filter having a band- 
width variable depending on said first digital 
cellular communication system and said sec- 
ond digital cellular communication system; and 40 

a central processing unit having a protocol 
which can be changed depending on said first 
digital cellular communication system and said 
second digital cellular communication system; 
and wherein said additional unit comprises: 45 

a power amplifier compatible with said first 
digital cellular communication system; 

the arrangement being such that switching 
can be made between said power amplifier in 
said transmission system and said power am- so 
plifier of said additional unit. 

3. A radio communication device according to 
claim 2, wherein said main communication unit 
comprises: 55 

a detector for detecting when said addi- 
tional unit is attached to said main communica- 
tion unit; 
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Fig. 2 
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@ A radio communication device which is capable 
of effecting communications in different communica- 
tion systems and is highly advantageous ec- 
onomically has a main communication unit capable 
of effecting communications in a first digital cellular 
communication system (GSM), and an additional unit 
to be attached to said main communication unit for 
effecting communications in a second digital cellular 
communication system (PCN) which differs from 
said first digital cellular communication system. The 



main communication unit includes variable-band- 
width filters compatible with both GSM and PCN. 
The additional unit comprises a power amplifier, and 
the main communication unit has a power amplifier. 
Switching can be made between these power am- 
plifiers to make the radio transmission device com- 
patible with both GSM and PCN. The radio commu- 
nication device has many components shared by 
GSM and PCN and hence is highly economical. 
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